Abstract. The work is aimed to the comparison of tribological performance of lubricated surfaces sliding against each other in laboratory (model test) and real component working conditions. An emphasis is also made on the possibility to use environmental friendly lubricants. The efficiency of using some particular test devices is considered on the basis of available techniques and methods to study lubricated contacts. The implementation of different scales of measurements into the process of materials performance evaluation under tribological conditions is shown to be essential for the reliable assessment of multi-body systems reliability and durability.
INTRODUCTION
The assessment and improvement of performance are continuing processes in products and technologies development [ [1] [2] [3] ]. The way how well the product or process performs influences the satisfaction of the customer (end user) that in its turn stimulates the supplier (or service provider) to ensure high level of product quality. For further development of the processes and for innovation it is required to look beyond the existing knowledge. Simulation, testing, surface characterization and analysis are tools enabling verification of emerging ideas (that are the source of innovation) before implementing them into real products.
The importance of tribological investigations is supported by the fact that approximately 95% of all machine problems are related to fatigue fracture and tribology phenomena like friction and wear [ 4 ] . Already in about 2400 BC an improvement of sliding contacts for transportation of large stone blocks during erection of legendary Egyptian pyramids was achieved through the application of lubricants [ 5 ] . The search for higher load carrying capacity of lubricated contacts is stimulated by the necessity to minimize the size of machine components. This decreases material consumption by the production of the component itself and leads to significant improvement of efficiency, fuel economy and reduction of green-gas effects in applications that are driven by the necessity of weight reduction. The high load carrying capacity and other specific properties of engineering surfaces are crucial in automotive, aerospace and industrial applications (power trains, turbines, formula F1 car, mining machinery bearings and other components) [ 6 ] . The current work has the aim to give some insight into the potential of the research for longer lifetime performance and reliability of lubricated contacts. The Institute for Sustainable Technologies (ITEE, Poland) and SKF Engineering and Research Centre (The Netherlands) are respectable representatives of a governmental institution and an industrial research centre, accordingly. Both institutions participate in the Sixth Framework Programme, Marie Curie research training network WEMESURF with the topic of the current paper being one of the research tasks. The main questions that will be answered are the following. How is it possible to determine the reason of failure? 3. Why cooperation between governmental institutions and industrial research centres is important?
The content and structure of the work is built up to serve as a reference material for students and engineers interested in research on tribology in general and lubricated contacts in particular. It contains some specific information that may be of interest for researchers working in the same or related research areas. The complete description of the results will be available at the end of the WEMESURF project in year 2010 in the form of the final report.
THE ROLE OF THE MODEL, COMPONENT TESTING AND SURFACE ANALYSIS
Tribological research is performed at different scales ranging from 10 -9 to 10 12 m including molecular, asperity, contact, component, machinery, plant, national, global and universe studies [ 7 ] . Tribotests could be classified by rising of the degree of realism (i.e., how closely they imitate the conditions of a real application) as model, simplified component, component, sub-system, bench and field tests. The comparison between model and component testing with more evaluation aspects is given in Table 1 . Surface characterization and analysis, model and component tests scale from the molecular size up to the size of a component that may be up to several metres.
In general, the process of observation, understanding and reproducing of the mechanisms and reasons of failure in real components, including theoretical modelling, is summarized in Fig. 1 .
As soon as the theoretical idea is emerged, it is necessary to prove it by practical test. The model test usually involves standard test specimens and could be executed in short time and without significant expenses that is extremely important in conditions when delay in introduction of the product to the market could mean the loss of a sufficient part of the profit. In some conditions it is possible to make several tests on one sample. The test samples could be smaller than the real component and of simple geometry that makes the test more convenient and enables to raise the level of control of conditions and of tracking After the elimination of the unjustified ideas, the most promising ones are tested by means of component tests. A real component test requires the components to be produced, which significantly raises the price of testing. It is usually possible to make only one test of each component; however, for statistical reasons, more tests are recommended. The test is run under required conditions until the component fails or shows a decrease of the performance level. The testing of components (like gears, bearings, etc) under the conditions that are very close to those of real application enables one to improve the quality of the scientific theories and model tribotest results and to avoid the expensive stop of real machines due to malfunctioning of the component or the necessity to make frequent replacements due to deterioration.
In order to understand the mechanisms that are responsible for the machine component performance, the surface characterization is needed. Surface characterization and analysis are usually done on the surfaces of the real component and the model test specimens on atomic, molecular and asperity levels to give information about surface geometry, physical and chemical state. Due to the high precision and resolution, the sample is required to be fixed firmly to the measuring (or observation) device. The state of the surface, determined before and after the experiments, can give the insight to the changes in the surface properties as the result of applying the specific test conditions. Surface investigations enable to prove the model and component results as well as to enhance their quality, providing additional information.
EQUIPMENT FOR LUBRICATED CONTACT RESEARCH
The devices and methods for the whole spectrum of operations required for production of engineering surfaces and lubricants, their testing and characterization in selected governmental and industrial research centres are given in Table 2 . It is a short presentation that is grouped and described with emphasis on the features that are relevant to lubricated contact studies of model and component testing.
The industrial centre has devices that are more specialized for the realization of specific tasks, related to their product. Governmental institution owns the devices capable to study a wide range of tribological systems and geometries; it is also capable to produce engineering surfaces of required properties. 
CASE STUDIES
In the following section, two examples on how to improve the performance of lubricated contacts are presented. The procedure of selection the methodology and the devices for solving these tasks is outlined. It gives an overview of how the problem is tackled and the potential solution through the model and component testing is offered.
Coating for environmentally friendly transmission systems
Nowadays, the additives used for non-coated gears, working under heavyloaded conditions, are harmful for the environment (are not ecologically friendly due to the presence of S, P, Zn, Cl elements and their compositions), intensify the corrosion of the elements and it is required to reduce their content. Also, it is of interest to substitute the mineral and synthetic oils that are showing the best performance by vegetable oils that are ecologically more friendly and belong to the class of renewable resources. The aim of this case study was to improve the load carrying capacity of gears, to make it possible to use eco-friendly lubricants and to reduce the content of additives.
Two-stage experiment plan, including model and component tests, was performed. The industrial partner was able to supply special bearing balls for testing that shows good opportunity for cooperation. The coating was also developed in cooperation with the industrial partner. The multilayer nanocomposite coatings were deposited by PVD technology on bearing balls.
It is well known that the durability of gears depends on two phenomena (mechanisms): scuffing of mating elements and rolling contact fatiguepitting [ 10 ] . The scuffing resistance was measured using the T-02 model tester employing four-ball tribosystem in a sliding contact. The T-02 tester has the possibility of continuously increasing the load during a run enabling to determine the scuffing resistance, characterized by scuffing load and the so-called limiting pressure of seizure [ 11 ] . This method, developed by ITEE, is more time and cost effective (enable to save up to 80% of resources) and has better resolution of tribosystem properties than the analogous model test (ASTM D2783-03). As much as 300 tests were necessary that needed 3 months of testing.
The fatigue life (pitting) was characterized by the 10% fatigue life (life at which 10% of the test samples, lubricated by selected lubricant, would be expected to have failed) according to IP 300 standard, using the T-03 four ball model tester [ 12 ] . The mechanochemical interaction between oil and gear materials was studied using SEM/EDS, AFM, GDOES, and optical microscopy.
The results obtained by model testers with different base oils (mineral, synthetic and vegetable) on scuffing and pitting of uncoated and coated elements allowed to eliminate the lubricants and coatings with the lowest performance levels and to select the promising ones for further component tests.
The load-carrying capacity of lubricated gears (component test) was investigated using the T-12 Back-to-Back Gear Test Rig, employing test conditions according to DIN 51 354 and IP 334 standards, procedure A/8,3/90. The results are presented in Fig. 2 . The failure load stage, obtained for the coated test gear, lubricated by the ecooil without any AW/EP additives, is the same or better than that of commercial gear oils containing toxic AW/EP additives. Both tribosystems have not failed during the test under highest applied load available according to the standard. Furthermore, the heat generated and vibration level were lower for coated gears lubricated by the eco-friendly oil [ 13 ] . The tests are time-consuming and only 10 tests were completed during 1 month of testing that is about 10 times slower compared to model testing.
The component tests of selected coatings in combination with vegetable oil have shown that under extreme pressure conditions low-friction coatings can take over the functions of AW/EP additives that enables to use eco-friendly lubricants.
Effect of oil polarity on fretting performance
The fretting is usually successfully avoided during the normal functioning of the components, however, it can cause excessive damage during idle time, for example, in car bearings during their transportation by railroad or when the windmill is stopped due to inappropriate wind conditions, but components continue to suffer from vibration induced by wind [ 14, 15 ]. Polarity of the oil was found to be important since it influences the activity of the additive-surface interaction [ 16 ] . In order to study isolated effect of the base oil polarity on action of additives (and additive combinations), two oils, similar in properties but being polar (diethylene glycol) or non-polar (hexadecane) were studied with respect to fretting performance. The result of this investigation is to be used during formulation of real lubricants along with other substantial properties, specific for each real application such as viscosity, chemical composition, thermal and oxidative stability, compatibility, biodegradability, toxicity, etc.
The model fretting rig results, evaluated with Ball-on-Plate configuration, showed that the polarity of the base oil determines the affinity of the additive to be functioned on the tribological surface, thereby effecting the formation of protecting reaction layer and the fretting process (Fig. 3) . It is shown in Fig. 3 that polar oil (diethylene glycol) with additive (ZDDP) under specified conditions has low and stable coefficient of friction that results in low surface damage. On the other hand, the same additive used along with the non-polar base oil (hexadecane) shows the rise in the coefficient of friction and is inefficient in protecting the surfaces against deterioration.
Surface characterization using SEM-EDS showed that depending on the type of additives used, the thickness and the composition of the reaction layer, formed on the contacting surfaces, are different. The model test results are now under further continuous proving by various real component tests that in addition to other wear mechanisms experience fretting [ 15 ] . The understanding of responsible mechanisms, the specifying of required properties and composition of reaction layer will lead to the development of the procedure for the selection of lubricants for various bearing applications that may experience fretting conditions.
CONCLUSIONS
The tribosystem, incorporating eco-friendly lubricant and coated elements, exhibits required level of performance. This is an example of how the implementation of model testing accelerates the development of a potential solution to increase the performance of lubricated machine elements, which also give positive impact from the economical and environmental point of view.
The fretting model rig allows studying of separate mechanisms of fretting under high level of test condition control. These results are under continuous validation in various component bearing applications that may experience fretting.
Industrial centres commonly use the devices that are more specialized for realization of specific tasks related to their product. Governmental research institute owns the testers for studying the tribological systems and geometries in a wide range of conditions; the engineering surfaces of required properties can also be produced and tested. That indicates that the potential cooperation between both institutions can enhance their understanding required for improving the performance of lubricated machine elements. An industrial centre can widen the range of test facilities through collaboration with the governmental institution. This will lead to the knowledge exchange, which raises the possibility of applying scientific discoveries in industry.
